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ABSTRACT 
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The  received  energy  of  sound  waves  generated  by  underwater  explosive 
sources  (SUS)  was  recorded  during  August  and  September  1973  as  part  of 
the  CHURCH  ANCHOR  Exercise  conducted  in  the  central  Northeastern  Pacific 
Ocean.  The  analog  and  digital  magnetic  tape  recordings  of  these 
data  have  been  analyzed  by  digital  hardware/software  processing  tech- 
niques including  automatic  shot  detection,  shot  length  estimation,  and 
fast  Fourier  transform  (FFT)  spectrum  analysis.  Results  of  these 
analyses  are  plotted  as  propagation  loss  versus  range,  for  ranges  up  to 
1200  nm;  for  frequencies  of  25,  50,  and  158  Hz,  with  limited  data  for 
100  and  250  Hz;  for  source  depths  of  18  m and  91  m;  and  for  receiver 
depths  near  the  sound  channel  axis,  near  the  critical  depth,  and  near 
the  ocean  bottom.  Sound  propagation  characteristics  were  examined 
as  a function  of  souree-to-receiver  range,  source  depth,  receiver 
depth,  frequency,  and  bathymetry . 


(C)  Often  no  source  depth  dependence  is  evident;  however,  in  some 

cases  propagation  loss  from  the  deep  (91  m)  source  is  as  much  as  15  d£ 
less  than  from  the  shallow  (18  m)  source.  Minimum  propagation  loss  was 
always  observed  at  the  sound  channel  axis,  with  up  to  10  dB  higher  loss 
at  the  critical  depth  and  os  much  as  50  dB  higher  loss  (at  1000  nm 
range)  below  the  critical  depth  and  near  the  ocean  bottom.  Only  slight 
frequency  dependence  is  exhibited  and  it  is  interrelated  with  source 
depth.  Propagation  across  seamounts  blocking  25$  of  the  sound  channel 
introduced  as  much  as  10  dB  additional  loss  over  clear  channel  propags* 
tion.  Beyond  a range  of  about  175  ha,  signal -to-aoifie  ratio  (S/K) 
decreases  with  increasing  receiver  depth,  the  rate  of  decrease  being 
greater  below  critical  depth.  For  ranges  less  than  1T5  nm,  the  B/N  wag 
greatest  at  the  deepest  (near  bottom)  hydrophones.  The  S/N  &t  50  Hfc 
vas  usually  lower  than  S/R  at  either  25  Hz  or  1>8  Hz. 
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. I. a.  DEDUCTION  ;v,/  :. 

(u)  The  CHURCH  ANCHOR  Exercise,  which  was  conducted  in  the  central 
northeastern  Pacific  Ocean  during  August  and- .September  1975,  included 
concurrent  measurements  of  underwater  acoustical  propagation  and  ocean 
environmental  parameters,  Objectives  of  this  Long  Range  Acoustic 
Propagation  Project  (LRAP?)  exercise  are  described  in  Refs,  1 and  2 and 
details  of  Uis.  several  types  of  data  . to  be  acquired  are  given.  This 
report  describes  results  of  the  analysis  of  propagation  data  obtained 
during  the  exercise  from  measurements  with  underwater  explosive  (SUS) 
sound  sources . Receivers  for  these  data  included  three  Acoustic  Lata 
Capsules  (ACODAC)  and  one  Multi -Element  Super -directive  Array  (MESA). 
Hydrophones  were  located  at  depths  near  the  deep  sound  channel  axis, 
tbs  critical  depth,  and  the  ocean  bottom,  The  SUS  explosive  sources 
were  detonated  at  depths  of  18  m and  91  »*  Section  II,  3Qata  Acquisition, 
describes  this  portion  of  the  exercise  in  more  detail. 


(U)  Signals  received  by  the  ACGDAC  a rays  were  racorded  on  analog 
magnetic  tape  recorders,  whereas  MESA  array  data  were  recorded  in  part 
by  digital  recorders  and  in  part  by  analog  recorders . The  analog  tapes 
were  duplicated  and  the  data  were  digitised.  Subsequent  'processing 
included  automatic  shot  detection,  shot  length  estimation,  shot  and 
noise  energy  os treat ioa  doing  a fast  Fourier  trami'om  over  the  fro--' 
quoncy  band  Trass  10  to  JCO  Hu,  loss  and  signal »to-«cise  ratio 

calculation,  plotting,  and  editing  results,  this  processing  is  described 
in  detail  in  Section  Hi,  Bata  Analysis,  . 


(u)  Fortlosfi  of  the  propagation  data,  selected  from  the  complete  data, 
net  'in  the  appendices,  are  used  in  Section  IV  to  illustrate  important 


(Ibis  page  is  UltCLASSXFIED. ) 


(U)  features  of  underwater  sound  propagation  in  the  exercise  area. 

Similar  illustrations  of  signal -to-noise  ratio  are  given  in  Section  V. 
In  Sections  IV  and  V,  propagation  loss  and  signal -to*noise  ratios  are 
examined  as  functions  of  receiver  depth,  source  depth,  frequency,  and 


source-to-receivsr  range. 


(U)  Plots  of  propagation  loss  versus  range  for  all  SU8  source  events 
and  ACOBAC  receiver  depths  for  which  recorded  data  were  processed  are 
shown  in  appendix  A for  frequencies  of  25,  50,  and  158  Hz,  Appendix  B 
contains  propagation  loss  versus  range  plots  derived  from  MESA  data 
for  frequencies  of  25,  50,  100,  158,  and  251  Hz.  Error  estimates  for 
the  ACOBAC  data  analysis  techniques  are  described  in  Appendix  C. 


I. to.  SIE-MABY  OF  RESULTS 

(U)  Sugznarlaad  below  are  observations  of  propagation  loss  and  signal- 
to-noise  ratio  characteristics  and  dependencies.  These  are  discussed 
in  detail  in  Sections  IV  and  V. 

A.  Propagation  loss  Siacaary 

1.  Source  Depth  Dependence 

(C ) Propagation  loss  frequently  exhibits  no  source  depth  dependence. 

When  a dependence  is  observed,  loss  from  the  deep  source  (91  »}  is  as  | 

wuch  as  15  dB  less  than  for  the  shallow  source  (l8  ra).  This  is  parfcicu- 
...  Icrly  t'-idr-t  in  the  HFfft.  data  (~-ne«ver  at  axis  depth) . 

'2,  Receiver  Depth  dependence 

(C)  Jiinlmuffi  propagation  loss  is  always  observed  at  the  sound  ehasnaX 
axis.  For  ranges  beyond.  £00  n»  north  of  a receiver,  near  axis- depth 
propagation  loan  increases  only  very  slowly  vlt’ir. iacreaaiELg  rasgS— «v*sn 
decreasing  with  increasing  range  at  site  C for  the  lower  th-equefeoies 
and  deeper  source*  _•  ‘ . . 

(c)  Hydrophones  at  depths  within  IcQ  a of  the  critical  depth  exhibit 
higher  prop&gatioa  loss  than  :&n}&  depth  hydrophone?-*  The  difference 
increases  with  range  and  averages  5 dB  for  the  ,l3  s source  depth  . 
aitd  10  dB  for  the  $1  a gour.ee  depth.  She  r* fee  ©£  IpctcW- .«£  ; 

tloti  loca  with  increasing  receiver  depth  .is  large  for  depth  iivcre*se.ats.  . 
near  ana  bclov  critical  depth  vrth  2 be  5 IB  -higher  loss  sir  52  bOi-O*? 
critical  depth  ttostt’ at.. 162 "a  above  critical  depth.  7' 


• - "t. 
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(C)  Propagation  loss  to  receivers  beneath  the  sound  channel  and  near 
the  sea  floor  exhibits  a much  more  rapid  increase  with  range  than  would 
result  from  simple  cylindrical  spreading.  For  ranges  on  the  order  oi 
1000  nm,  the  propagation  loss  difference  between  .sound  channel  axis  said 
near  bottom  receivers  is  greater  than  °5  &B  end  caabe  as  largo  as 
50  dh.  . : 


(C)  For  frequencies  between  25  and  15^  there  is  often  no  indication 
of  frequency  dependence  of  propagation  loss;  especially  between  25  Ha 
and  50  Ha.  When  a frequency  dependence  is  exhibited,  propagation  loss 
decreases  with  increasing  frequency  for  the  lo  m source  depth  and 
increases  with  increasing  frequency  for  the  91  ® source  depth.  Frequency 
dependence  is  most  often  exhibited  by  axis  depth  receivers. 


I fMfii; 


(C)  Bathymetry  and/or  sound  speed  profile  changes  near  Pathfinder 
Seamount  introduced  as  much  as  10  dB  additional  propagation  lose  at 
receiver  locations  south  of  the  seamount  when  the  sources  were  deployed 
north  of  the  seaicotthc . The  presence  of  Korait - Hoos eve  1 1 Seasaouni, 
extending  800  a into  'he  sound  channel  "between  the  source  and-  re*s»i*~.r e 
also  increased  propagation  loss  by  about  10  dB.  Propagation  across 
the  seamount  results  is  a convergence  none like  structure  in  the 
gation  loss  versus  range  plots . 


=-*$.  ■'  -=s 

&SB 

v* 


I.  C&ff)  git^u^y 


Ifeeeivey  B«etb.  gjmfsBdsnqfc 


Jbar  sa&aes  ..sat  to  i?5  d»  at  aib&  'Cf  the  8/8  is  larger  near  the  sea 
floor  critical  depth)  thaa  sound  channel  axis. 
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(0)  For  ranges  greater  than  175  na,  the  S/N  is  larger  near  the  sound  channel 
axis  than  at  other  depths.  At  receivers  separated  in  depth  by  300  % 
in  the  vicinity  of  critical  depth,  the  6/U  values  are  essentially 
equal.  Beneath  the  deep  sound,  channel,  S/H  decreases  vith  increasing 
depth  for  source-to-receiver  ranges  beyond  175  ns. 


(C)  At  50  Ha  the  S/s  is  consistently  less  than  that  at  25  Hz  for  all 
sites  and  almost  all  ranges,  the  difference  being  greater  for  the  91  & 
source  depth  than  for  the  18  m source  depth.  At  50  Hz  the  S/N  is 
frequently  less  than  that  at  158  Hz,  although  it  is  equal  to  or  greater 
than  that  at  158  Kz  for  sorae  range  intervals  south  of  site  C,  and  for 
ranges  greater  than  400  as  north  of  site  C.  S/N  is  usually  higher  at 
158  flz  than  at  251  Hz. 
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The  CHURCH  ANCHOR  Exercise  was  conducted  in  August  and  Septomt-:  i.973 

in  that  region  of  the  Northeastern  Pacific  Ocean  shown  in  Fig.  T 1. 

During  the  exercise,  acoustic  energy  from  underwater  explosive  (uJS) 
sources  was  recorded  with  two  types  of  receiving  systems:  Acoustic  Data 

Capsules  (ACODACs)  located  at  sites  k,  C,  ;uid  D,  and  a Multielement 
Super-directive  Array  (MESA)  located  at  site  E.  The  primary  source 
track  for  the  data,  as  shewn  in  Fig.  II-l,  was  the  south- to -north  line 
(longitude  143°30'W)  passing  through  sites  A,  C,  D,  and  E and  extending 
from  150  nm  south  of  site  A to  the  beginning  of  the  Alaskan  Slope  (about 
850  nm  north  of  site  D) . Also  shown  in  Fig.  II -1  is  the  secondary  source 
track,  a 90  nm  segment  of  the  radial  line  from  Kermit-Roosevelt  Seamount 
to  site  A,  centered  on  the  seamount. 


Two  source  detonation  depths  were  used  for  each  SUS  run:  18  m 

and.  91  o.  Tits  SUS  charges  were  deployed  hy  USNS  SILAS  BENT  (T-ACS  26) 
along  the  primary  track  from  23* 30' ft  to  46°30'T»  and  subsequently  by 
aircraft  flying  from  46°30'K  to  3‘9 *30’ ft  along  the  northern  portion  of 
the  track  (see  Fig.  II -I  for  track  segments  and  Table  II-1.  for  deploy- 
ment times).  For  the  secondary  track  passing  over  Sereii-Roosevelt 
Seaaount,  the  SUS  charges  were  deployed  by  USNS  BAKTLBTT  (T-AGOB  lj). 
Kcaibal  range  intervals  between  shots  at  each  depth  were  1 nr.  for  the 
ship  runs  and  8 tea  for  the  aircraft  source  run.  Various  receiving 
systems  were  used  during  the  exercise  tc  record  sound  energy'  received 
from  8V$  charges  and  CV  sources  and  to  record  ambient  noise  energy. 

Because  of  this  ‘variety  of  tasks,  the  ACODAC  10-day  recording  interval 
at  site  A expired  before  the  bSRf  said  aircraft  source  runs  were  ccspletcd. 
The  other  two  ACODACs  and  the  MESA  array  at  site  8 recorded  data 
thvvi'jg&out  each  of  the  SUS  runs.  Receiver  recording  time  intervals 
and  source  event  ti&e  intervals  are  suasarired  in  Table  II-l, 
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FIGURE  n-1 

EXERCISE  AREA  SHOWING  SOURCE  TRACKS 
AND  RECEIVER  LOCATIONS 
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The  ACODAC  systems  have  six  hydrophones  distributed  vertically  in 
the  water  column.  The  hydrophone  depths  at  each  ACODAC  site  and  the 
MESA  at  Jite  E ere  shown  in  Table  II -1.  Two  midwater  ACODAC  hydro- 
phones at  sites  A and  C did  not  function  and  are  not  included  in 
Table  II-l.  Receiving  system  locations  and  hydrophone  depths  are  alBO 
indicated  in  Fig.  IT-2  on  a cross  section  showing  the  bathymetry  along 
the  primary  source  track.  Sound  speed  profiles  based  on  data  obtained 
during  the  Exercise  are  shown  in  Fig.  II -2,  together  with  indications 
of  the  deep  sound  channel  axis  and  the  critical  depth. 


10 
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III.  DATA  ANALYSIS 

(U)  SU3  signals  received  by  the  ACODAC  and  MESA  sensor  systems  were 
recorded  on  magnetic  tape  in  analog  and  digital  format,  respectively. 

The  processing  of  data  from  both  systems  is  described  in  this  section. 

A.  ACODAC  Data  Processing 

1.  Outline  of  ACODAC  Data  Processing 

(u)  The  following  is  a listing  of  the  steps  performed  in  processing 
the  data.  Each  step  is  described  in  detail  in  the  subsections  which 
follow. 

Tape  Duplication 

Preprocessing  Edit 

Analog -to-Digit&l  Conversion 

Multichannel  Shot  Detection 

Shot  Length  Estimation 

Shot  and  Noise  Energy  Estimation 

Propagation  Loss  and  Signal- to~Holae  Calculations 

Plotting  of  Analyzed  Data 

Final  Editing 

2.  Tape  Duplication 

(U)  The  ACODAC  analog  tapes  were  duplicated  by  Texas  Instruments, 

Dallas,  Texas,  After  duplication,  the  original  tape  vsu  archived  for 
preservation  and  subsequent  analysis  was  performed  only  on  the  duplicates. 
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5.  Preprocessing  Edit 

(U)  Prior  to  processing,  each  analog  tape  was  edited  for  quality  and 
completeness  of  data  recorded  during  each  exercise  event  of  interest. 

The  edit  checks  included  data  quality,  time  code  consistency,  tape 
speed  consistency,  overload  density,  and  the  quality  of  the  internal 
and  external  calibration  signals. 

4.  Analog-to-Digital  (A/d)  Conversion 

(u)  The  edited  analog  data  from  three  channels  (hydrophones)  are 

played  back  at  a speed-up  of  20:1,  bandpass  filtered  (10  to  300  Hz)  to 
minimize  strumming  and  aliasing  effects,  and  simultaneously  sampled  at 
a rate  of  600  Hz.  The  50  Hz  carrier  of  the  time  code  is  extracted  and 
multiplied  to  600  Hz  using  a phase-lock  loop  frequency  multiplier.  This 
600  Hz  signal  is  used  to  control  the  A/D  conversion  process  in  order  to 
minimize  the  errors  due  to  mechanical  variations  in  the  analog  record / 
playback  systems.  The  digital  samples  are  continuously  stored  on 
digital  magnetic  tape  in  blocks  of  10  sec  (AC0DAC  time). 

(U)  The  digital  data  for  one  or  more  events  are  stored  in  a temporary 
tape  library  for  processing  with  a CDC  3200  digital  computer. 

5.  Shot  Detection 

(u)  An  important  aspect  of  the  hardware/software  system  used  in  the 
processing  of  SUS  data  is  the  automatic  detection  of  shot  energy 
arrivals.  The  leading  edge  of  an  arrival  on  each  of  three  channels  is 
located  by  continuously  comparing  a short  time  average  of  the  recorded 
signal  to  a longer  time  average.  The  short  tima  average  value  E^  will 
I be  larger  than  the  longer  time  average  when  a shot  signal  is  present 

in  the  time  interval  of  the  short  time  average.  Recursive  filtering 
techniques  are  used  to  obtain  £s  and  . Whenever  Eg  exceeds  a threshold 
level  of  2E^ , the  arrival  of  shot  energy  on  the  channel  of  interest 
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(u)  is  hypothesized  and  this  portion  of  the  record  is  selected  for  further 
processing. 
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(u)  The  probability  of  processing  false  detections  is  reduced  by 
requiring  that  Eg  exceed  2E^  simultaneously  on  two  or  three  channels, 
and  that  the  detection  be  within  a few  seconds  of  a possible  shot  energy 
arrival  time  determined  by  the  times  of  previous  detections  and  the  shoe 
deployment  schedule.  Nominal  shot  detonation  depth  is  identified  by 
comparing  the  arrival  time  with  previous  arrivals  for  the  different 
depths  and  the  known  shot  deployment  pattern.  Exact  deployment  times 
or  source-to-receiver  ranges  are  not  known;  however,  it  is  assumed  that 
the  planned  schedule  of  deployment  and  ship/aircraft  speed  was  approxi- 
mately adhered  to.  Reference  arrival  times  for  processing  purposes 
are  initially  obtained  from  plots  of  the  signal  envelope. 

6.  Shot  Length  Estimation 

(U)  To  ensure  that  all  the  significant  multipath  energy  is  included 
in  the  time  interval  used  to  estimate  shot  energy,  the  3hct  duration 
must  be  estimated.  Simply  using  a very  long  signal  segment  results  in 
unnecessary  measurement  errors  due  to  statistical  fluctuations  of  the 
noise. 


(u)  To  ensure  precision  and  repeatability  in  the  shot  length  estimate, 
a recursive  filter  is  used  to  automatically  update  the  shot  length 
estimate  on  each  channel-.  In  this  process,  the  signal  energy  is 
measured  in  time  intervals  At  before  and  after  the  current  estimate  of 
signal  end  time.  The  two  energies  are  respectively  designated  and  E, 
The  time  interval  At  is  the  greater  of  1 sec  or  one -tenth  of  the  signal 
length.  A noise  reference  energy  in  a time  segment  At  is  computed 
from  the  background  level.  If  and  Ej>1.1  then  the  signal 

length  estimate  is  increased  by  9$>  otherwise  it  is  decreased  by  10$. 

A minimum  shot  length  of  2 sec  is  imposed.  If  either  Sj.  or  E^  exceeds 
2Ejj,  then  the  signal  length  estimate  is  increased  by  20$  to  t'educe  con- 
vergence time  of  the  length  estimation  process. 
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In  addition  to  the  attention  given  to  the  shot  termination,  two 
steps  are  taken  to  ensure  that  all  of  the  initial  shot  energy  is 
included:  l)  shot  integration  for  energy  estimation  begins  before  the 
indicated  detection  time  (normal  ’.'".ad  is  0.5  sec)  and  2)  the  beginning 
of  shot  integration  for  all  channels  j.s  set  by  the  earliest  detection 
time  over  the  three  channels. 

7.  Shot  arid  Noise  Energy  Estimation 

For  each  SUS  signal  detected,  the  SUS  signal  plus  noise  energy 
is  estimated  using  2048  spectral  energy  levels  computed  by  a fust 
Fourier  transform  (FFT)  over  the  frequency  band  from  10  to  300  Ha  with 
0.146  Hz  resolution.  Noise  spectral  energy  is  similarly  estimated  for 
a 13  sec  segment  of  noise  data  ending  2.5  sec  before  the  shot  detection 
time.  The  total  received  shot  energy  plus  noise  energy  and  total  noise 
energy  in  1-octave  and  l/3 -octave  bands  centered  on  frequencies  of 
interest  are  then  computed  by  summing  the  individual  spectral  energy 
levels.  The  received  SUS  energy  estimate  is  determined  by  subtracting 
the  noise  energy  estimate  from  the  SUS  signal-plus -noise  energy  estimate. 

8,  Propagation  boss  and  Sipnal-to-Noise  Calculations 

The  output  of  the  energy  estimation  process  is  combined  with 
source-to-receiver  range  information  (from  a digital  range  tape  supplied 
by  the  Naval  Oceanographic  Office)  and  with  sensor  system  response 
parameters  to  determine  the  propagation  loss  and  signal -to-noise  ratio 
for  each  shot. 

The  ACODAC  external  and.  internal  calibration  signals  are  converted 
to  digital  representation  at  the  same  time  as  the  shot  data.  These 
calibration  data  ore  processed  and  used  to  correct  ths  results  for  the 
recording  and  playback  system  frequency  response. 
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J 1 > (U)  Other  parameters  used  for  propagation  loss  and  signal-to-noise 

! ratio  calculation  include  the  hydrophone  sensitivity,  acoustical 

i | impedance  of  the  water  at  the  hydrophone,  source  level,  and  source 
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(U)  Explosive  source  levels  for  1.8  lh  SUS  charges  detonated  at  18 

and  91  m depth  were  obtained  from  Gaspin  and  Shuler  (Ref.  3).  The 

2 

source  levels  used  are  shown  in  Table  III-l  in  ergs/cm  /Hz  at  100  yd. 


TABLE  III-l 

Shot  Energy  by  Gaspin  and  Shuler 


Source 

Depth 

m 

Frequency 

25  Hz 

50  Hz 

160  Hz 

1 octave 

l/3  octave 

1 octave 

1/3  octave 

l/3  octave 

18 

18.6 

20.0 

15.8 

14.9 

10.3 

91 

19-9 

20.7 

■ — .. 

15.6 

15.7 



11.5 

L.  - 

(U)  Corrections  ware  made  to  the  source  levels  in  Table  III-l  because 
of  variations  in  actual  detonation  depth  of  the  SUS  charges.  True 
detonation  depth  was  determined  by  measurement  of  the  period  of  the 
first  bubble  pulse  (Underwater  Systems,  Inc.,  1974) * Approximately  10$ 
of  the  shot  signals  were  discarded  because  of  excessive  depth  devia- 
tions ( from  the  nominal  detonation  depth) . 

9.  Plotting  of  Processed  Data 

(U)  The  propagation  loss,  signal-to-noise  ratio  (S/H),  and  noise 
estimate  for  each  shot  is  plotted  as  a function  of  frequency,  source 
death,  and  receiver  depth . Symbols  used  to  plot  the  propagation  los« 
for  each  shot  are  _edsd  to  indicate  the  signal-to-noise  ratio  of  the 
received  signal  (see  Appendix  A for  code).  Range  of  detection  (but  not 
propagation  lose;  is  indicated  for  overloaded  shots  and  for  shots  vitSi 
S/H  < -3  dB. 
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10.  Final  Editing 

(U)  The  propagation  loss  and  signal-to-noise  rctio  data  are  subjected 
to  a final  editing  for  quality  control.  For  rectges  that  exhibit  extreme 
noise  estimates,  the  narrowband  spectra  for  the  snot  signal  detected  in 
those  ranges  are  inspected  to  determine  the  quality  of  the  data.  Presumed 
signals  which  did  not  show  the  characteristic  bubble  pulse  pattern  were 
rejected  as  being  noise  contaminated. 

B.  MESA  Data  Processing 

1.  System  Description 

(U)  The  data  from  a single  MESA  hydrophone  were  recorded  in  digital 

format  for  the  BENT  SUS  run  and  in  analog  format  for  the  aircraft  SUS 
run.  The  processing  of  all  SUS  data  is  with  the  fast  Fourier  transform 
(FFT)  method  (Ref.  4)  utilizing  Hewlett-Packard  hardware.  For  SUS 
signals  covering  time  periods  longer  than  6.55  sec,  additional  consecu- 
tive transforms  are  taken  and  added  to  obtain  total  energy.  The  energy 
for  the  SUS  signal -plus -noise  and  the  noise  estimate  are  calculated  in 
1/3-octave  bands  from  higher  resolution  energy  spectra.  The  1/3-octave 
bands  are  weighted  with  a sixth-order  Butterworth  filter  function. 

From  these  energy  estimates,  the  SUS  signal  energy,  propagation  loss, 
and  signal-to-noise  ratios  are  calculated  as  a function  of  source  depth 
and  source-to-receiver  range. 

2.  Processing  Parameters 

(u)  The  parameters  relevant  to  the  SUS  processing  are 

A/D  rate:  2500  liz 

Data  window:  6.55  sec  (16,384  points) 

FFT  bandwidth:  0.153  Hz 
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IV.  DISCUSSION  OF  PROPAGATION  LOSS 

Propagation  loss  is  examined  in  this  section  as  a function  of 
sourca-to-receiver  range,  receiver  site,  receiver  depth,  source  depth, 
frequency,  and  "bathymetry.  An  inventory  of  the  data  examined  is  included 
in  Table  IV-1.  Propagation  loss  is  plotted,  in  Appendix  A for  ACOMC 
data  and  in  Appendix  B for  MESA  data,  as  a function  of  range  for  each 
source  depth,  frequency,  and  receiver  depth.  Selected  plots  of  these 
data  are  combined  in  some  of  the  illustrations  of  this  section.  A 
description  of  the  symbols  used  in  these  plots  is  given  in  Appendix  A. 

The  data  for  each  receiver  site  are  discussed  below  on  an  individual 
basis.  Observations  based  on  data  from  all  four  receiver  sites  are 
combined  in  the  Summary  of  Results  (Section  I.b). 

Because  the  source-to-receiver  ranges  varied  from  less  than  one 
nautical  mile  to  over  1200  nautical  miles,  the  received  signals  were 
sometimes  so  large  that  they  overloaded  the  receiving  systems,  ana  nt 
other  times  they  were  of  such  low  level  that  the  resultant  low  sign&i-to- 
noise  ratio  precluded  accurate  propagation  loss  calculation.  Thus , in 
some  range  segments  either  the  low  propagation  loss  (high  signal  level) 
or  the  high  propagation  loss  (low  signal -to-noise  ratio)  data  arc 
missing  and  the  fine  structure  of  the  propagation  loss  versus  range 
plots  is  lost.  Overloaded  and  1ow  signsl-to-noise  ratio  signals  are 
indicated  on  the  ACCDAC  data  plots  In  the  manner  described  in  Appendix  A. 


A.  ACODAC,  Site  A 


At  site  A the  sound  channel  axis  depth  was  670  m and  the  critical 
depth  was  ^515  m.  Propagation  loss  data  are  available  for  the  BENT  SUS 
run  over  the  range  interval  free  200  to  55 G na  north  of  site  A for  two 
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hydrophone  depths:  l)  4353  n (162  m above  critical  depth)  and  2)  4659  m 

( 144  m below  critical  depth) . These  data  are  shown  in  Appendix  A, 

Figs.  A19  through  AJO. 

Data  for  the  4355  m hydrophone  depth  are  combined  in  Fig.  IV-1 
and  for  the  4659  ® hydrophone  depth  in  Fig.  IV-2.  These  two  illustra- 
tions snotf  the  dependence  of  propagation  loss  on  source  depth.  At 
25  Hz  for  both  receiver  depths,  propagation  loss  is  greater  for  the  18  m 
source  depth  ( although  the  large  number  of  overloaded  shots  preclude 
detailed  comparisons).  At  Hz,  the  shallower  (18  m)  source  similarly 
exhibits  greater  propagation  loss  to  the  hydrophone  l44  m below  critical 
depth  while,  for  a receiver  162  m above  critical  depth,  the  loss  is 
approximately  the  same  for  each  source  depth.  Source  depth  appears  to 
have  little  influence  on  propagation  loss  at  158  Hz  for  either  hydro- 
phone depth. 

Propagation  loss  to  the  hydrophone  l44  m below  critical  depth  is 
consistently  greater  than  propagation  loss  to  the  hydrophone  162  m above 
critical  depth.  This  is  illustrated  in  Fig.  IV-3  where  the  difference 
in  propagation  1036  for  the  two  hydrophone  depths  is  shown  for  each  shot 
having  greater  than  0 dB  signal -to-noise  ratio  at  both  hydrophones . 
Though  the  hydrophones  are  only  separated  by  about  ?0Q  o,  the  signals 
arriving  at  the  hydrophone  above  the  critical  depth  are,  at  all  three 
frequencies,  2 to  5 dB  higher,  on  the  average,  than  those  arriving  at 
the  hydrophone  below  the  critical  depth,  i.e.,  propagation  loss  is  con- 
sistently greater  to  the  deeper  phone. 

The  frequency  dependence  of  propagation  loss  is  illustrated  in 
Figs.  1V-4  and  IV-5,  where  the  difference  in  propagation  less  computed 
at  two  different  frequencies  is  plotted  versus  range.  The  lata  indicate 
that  propagation  loss  is  alsc-st  independent  of  frequency  for  both  source 
depths  from  25  to  5°  Hz.  However,  the  15&  Hz  propagation  less  is 
consistently  different  fro©  the  lower  frequency  data  and  the  difference 
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FIGURE  IV-1 

PROPAGATION  LOSS  AT  SITE  A FOR  T\*Q 
SOURCE  DEPTHS,  THREE  FREQUENCIES , 
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FIGURE  iV-2 

PROPAGATION  LOSS  AT  SITE  A FOR  TWO 
SOURCE  DEPTHS,  THREE  FREQUENCIES, 
AND  RECEIVER  DEPTH  OF  4659  m 
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FIGURE  IV-5 

PROPAGATION  LOSS  DIFFERENCE  BETWEEN 
THREE  FREQUENCIES  AT  SITE  A RECEIVER  DEPTH  OF  4659  m 
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(c)  Is  dependent  on  source  depth*,  the  91  & source  depth  data  indicates 
that  propagation  loss  increases  between  50  and  158  Hz  while  the  18  m 
source  depth  data  shows  that  propagation  loss  decreases  between  50 
and  158  Hz. 

(U)  The  secondary  source  track  passes  over  the  Kermit -Roosevelt 
Seamount  approximately  540  nm  from  site  A.  On  this  track,  which  is 
radial  to  site  A,  USNS  BARTLETT  deployed  SUS  charges  over  the  range 
interval  from  500  to  580  nm  from  site  A.  Propagation  loss  measured  at 
site  A for  this  source  run  is  shown  in  Appendix  A,  Pigs.  Al  through 
Al8. 

(C)  The  BARTLETT  SUS  run  data  provide  an  indication  of  the  influence 
of  topographic  blockage  on  propagation  loss.  The  Kermit-Roosevelt 
Seamount  rises  5000  m above  the  sea  floor;  approximately  800  m above 
critical  depth  (i.e.,  into  the  deep  sound  channel).  Propagation  loss 
data  at  50  Hz  are  summarized  in  Fig.  IV-6  for  both  source 
depths.  Beyond  5^0  nm  range  (i.e.,  beyond  the  seamount),  two  charac- 
teristics are  shown  by  the  data.  First,  the  slope  of  the  propagation 
loss  versus  range  is  greater  and  the  overloading  of  the  receiver 
abruptly  decreases  or  ceases  for  most  receiver  depths.  Second,  a con- 
vergence zone-like  fine  structure  appears  in  the  data  (for  ranges  less 
than  5*K)  nm  the  fine  structure  may  exist,  but  be  obscured  by  overloading) . 
As  indicated  by  Pig.  IV-6,  the  topographic  effects  are  greater  for  the 
shallower  (l8  m)  source  depth.  For  the  near  axis  depth  receiver  (7^9  m), 
th::  <!«ep  source  (91  ®)  data  overloads  continue  beyond  the  seamount  range. 


(C)  Figure  IV-6  indicates  that  at  50  Hz,  for  the  BARTLETT  SUS  run, 
propagation  loss  increases  with  receiver  depth,  especially  for  ranges 
beyond  the  seamount.  This  fact  is  further  borne  out  in  Figs.  IV-7  and 
IV-Q,  which  show  data  for  frequencies  of  &5,  50,  and  158  Hz,  In 
Fig.  IV-7,  the  propagation  loss  for  the  18  m source  depth  shows  almost 
no  frequency  dependence,  perhaps  decreasing  slightly  with  increasing 
frequency  for  ranges  less  than  5I4O  nm.  For  the  91  m source  depth, 
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FIGURE  IV-6 

50  Hz  PROPAGATION  LOSS  AT  SITE  A FOR 
18  m AND  91  m SOURCE  DEPTHS  AND  THREE  RECEIVER  DEPTHS 
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(c)  Fig.  IV-8,  propagation  loss  increases  with  increasing  frequency.  Thus, 
the  frequency  dependence  behavior  is  consistent  with  that  measured 
during  the  BEST  SUS  run. 

B.  ACODAC,  Site  C 

(u)  The  BEHT  SUS  run  passed  northward  over  site  C.  Thus,  data  are 
available  for  a range  interval  from  0 to  350  nm  south  of  site  C 
(northward  propagation)  and  for  a range  interval  from  0 to  440  nm  north 
of  the  site  ( southward  propagation) . Additional  data  for  sources  from 
440  nm  to  1220  nm  north  of  site  C are  provided  by  the  aircraft  SUS  run. 
Data  for  these  three  range  segments  are  included  in  Appendix  A,  Figs.  A49 
through  A102. 

(u)  Propagation  loss  from  these  SUS  runs  is  examined  below  for 

hydrophone  depths  of  6)6  m,  4055  m,  and  5521  m.  At  site  C,  the  sound 
channel  axis  depth  was  655  the  critical  depth  was  3860,  and  the  sea 
floor  depth  is  5555  m.  This  information  is  summarized  in  Table  IV-1. 

(C)  Propagation  loss  data  at  25  Hz  are  shown  in  Fig.  IV-9  for  the  three 
source-to-receiver  range  segments,  both  source  depths,  and  the  696  m 
hydrophone  depth.  The  range  segments  are  combined  to  provide  a con- 
tinuous indication  of  propagation  loss  from  35^  nm  south  of  site  C to 
1200  nm  north  of  site  C.  Similar  data  for  50  Hz  and  158  Hz  are  shown  in 
Figs.  IV- 10  and  IV-11,  respectively.  These  illustrations  show  a greater 
propagation  loss  i'or  the  shallow  (18  m)  source.  They  also  indicate 
decreasing  or  constant  propagation  loss  with  range  for  the  deep  source 
at  ranges  beyond  200  nm  north  of  site  C.  This  decreasing  loss  with 
range  results  from  shoaling  of  the  sound  channel  axis  and  consequently 
better  coupling  of  energy  from  the  sources  north  of  site  C (see  Fig.  TI-2). 
Minimum  loss  occurs  when  both  source  and  receiver  are  near  the  axis  aepth. 
An  abrupt  increase  in  loss  at  158  Hz  from  the  shallow  source,  at  a 
range  of  700  nm  north  of  site  C,  results  from  partial  blockage  of  the 
channel  by  Pathfinder  Seamount  (Fig,  II-2). 
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Propagation  loss  to  the  5521  m (near  bottom)  hydrophone  depth  is 
illustrated  in  Figs.  IV-12,  IV-13,  and  IV-l4,  For  all  frequencies  and 
source  depths,  the  loss  increases  more  rapidly  with  range  than  it  does 
at  the  channel  axis.  For  the  initial  200  nm  range  segment,  the  loss  to 
the  near  bottom  hydrophone  increases  more  rapidly  with  range  north  of 
site  C than  south  of  site  C.  This  greater  loss  may  be  due  to  partial 
blockage  of  the  near  bottom  hydrophone  by  the  Mendocino  Escarpment, 
which  rises  1500  m above  the  sea  floor  about  50  nm  north  of  site  C 
(Fig.  II-2). 

All  of  the  very  short  range  data  were  overloaded.  In  some  cases, 
processing  of  the  signals  was  started  at  about  2p  nm  range,  which  is 
why  the  overload  indications  do  not  occur  continuously  across  zero 
range  in  Figs.  IV-9  through  IV-l4. 

Receiver  depth  dependence  of  propagation  loss  is  indicated  by 
comparing  Figs.  IV-9,  IV- 10,  and  IV-11  with  Figs.  IV-12,  IV-13,  and  IV-14. 
For  all  three  frequencies  and  both  source  depths  the  loss  is  always 
greater  for  the  near  bottom  depth  than  for  tne  near  axis  depth.  This 
difference  in  propagation  loss  increases  with  range  until  it  exceeds 
50  dB  beyond  about  800  no.  Receiver  depth  dependence  is  further  illus- 
trated in  Figs.  IY-I5,  IV- 16,  and  IV- 17  where  the  difference  in  propagation 
loss  between  the  axis  depth  and  the  other  two  depths  (near  critical  depth 
and  near  bottom)  is  shown.  In  Fig.  IV-15  and  IV-16,  for  the  portion  of 
the  BENT  SUS  run  south  of  site  C and  for  both  source  depths  and  all  three 
frequencies,  the  loss  near-  the  bottom  is  shewn  to  be  consistently  larger 
than  near  the  axis  and  the  difference  increases  with  increasing  range. 

This  same  type  of  behavior  is  exhibited  by  the  data  for  the  range  seg- 
ments north  of  site  C.  Figure  IV-15  shows  that,  for  the  18  a source 
depth  and  for  all  three  frequencies,  the  propagation  loss  is,  on  the 
average,  slightly  larger  (perhaps  5 dB)  for  the  near  critical  depth 
( 4055  a)  than  for  the  axis  depth  (696  a)  and  the  difference  does  not 
exhibit  any  consistent  change  with  range.  Fig'.u'e  IV-16  exhibits  similar 
behavior  for  the  91  a source  depth  except  that  the  average  difference 
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(c)  is  larger,  the  loss  being  about  10  dB  higher  at  4055  ® than  at  696  m. 

The  same  general  pattern  of  receiver  depth  dependence  is  exhibited  by 
the  data  for  sources  north  of  site  C as  shown  in  Fig.  IV-17,  except  that 
a gradual  increase  in  the  difference  with  range  is  shown  for  ranges  beyond 
500  nm. 

(c)  The  frequency  dependence  of  propagation  loss  at  site  C is  shown,  for 
the  18  m source  depth,  in  Fig.  IV-1.8  for  the  696  m receiver  depth  and  in 
Fig.  IV-19  for  the  4055  tn  receiver  depth.  Consistent  with  findings  at 
site  A,  for  the  axis  depth,  loss  tends  to  decrease  with  increasing  fre- 
quency for  the  18  m source  depth  both  north  and  south  of  site  C (Fig.  IV-18) 
Loss  also  decreases  with  increasing  frequency  at  4055  m for  sources  north 
of  site" C (Fig.  IV-19);  however,  no  consistent  difference  in  loss  with  fre- 
quency is  exhibited  by  the  data  for  sources  south  of  site  C.  For  the  91  m 
source  depth,  propagation  loss  increases  with  increasing  frequency  at 
all  receiver  depths. 

0.  ACODAC,  Site  D 

(u)  At  site  D,  the  sound  channel  axis  depth  was  478  m,  the  critical 
depth  was  2840  m,  and  the  ocean  bottom  depth  is  4646  m.  All  of  the 
hydrophones  at  this  site  are  deeper  than  critical  depth,  ranging  from 
3325  m to  4612  m deep.  As  indicated  in  Table  IV-1,  data  are  described 
for  the  hydrophones  at  depth?  of  3625,  3925>  and  4612  m;  these  represent 
distances  below  the  critical  depth  of  785*  IO85,  and  177°  m,  respectively, 
with  the  deepest  receiver  (4612  m)  only  m above  the  sea  floor.  The 
overload  detector  was  not  working  for  the  hydrophone  at  3925  m depth; 
therefore  some  of  the  high  level  signals  probably  overloaded  the  ACODAC 
system  and  the  data  plots  are  useful  for  only  the  high  propagation  loss 
data. 


(U)  The  BEET  SUS  run  passed  northward  over  site  D and  propagation  data 
are  available  for  a range  from  0 to  700  nm  south  of  site  D and  from  0 to 
3j  nm  north  of  site  D.  Most  of  the  signals  received  from  north  of  site  D 
were  large  enough  to  overload  the  ACODAC  receiver.  The  aircraft  SUS  run 
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(U)  provides  propagation  data  for  ranges  north  cf  site  D from  about  90  to 
900  nm.  The  propagation  loss  to  site  D from  these  SUS  nans  is  shewn  in 
Appendix  A,  Figs.  A- 121  through  A-I56. 

(C)  The  general  nature  of  the  propagation  loss  versus  range  at  site  D 
is  illustrated  in  Fig.  IV-20,  which  combines  data  for  propagation  from 
south  and  north  of  site  D for  the  91  m source  depth  and  the  4612  m 
receiver  depth  at  25  Hz.  The  4 nm  nominal  spacing  between  shots  for  the 
aircraft  SUS  run  (north)  provides  lower  density  sampling.  Processing  of 
the  aircraft  run  data  began  at  150  nm  range  because  of  overloaded  data 
at  shorter  ranges.  The  rapid  increase  in  propagation  loss  at  about  350  nm 
north  and  continued  low  signal  levels  beyond  this  range  are  typical  of  the 
data  for  propagation  from  north  of  site  D and  probably  result  from  partial 
blockage  by  Pathfinder  Seamount  (Fig.  II -2). 

(C)  Figure  IV- 21  illustrates  that  at  50  Hz  the  propagation  loss  is, 
in  general,  higher  for  the  18  m source  depth  than  for  the  91  m source 
depth;  this  is  also  true  at  25  Hz.  However,  as  shown  in  Fig.  IV-22,  for 
I58  Hz  at  the  near  bottom  hydrophone,  for  ranges  less  than  300  nm,  the 
maximum  signal  levels  are  as  much  as  8 dB  higher  for  the  18  m source  depth 
than  for  the  91  m source  depth,  minimum  signal  levels  being  about  the  same 
for  both  source  depths.  Beyond  about  400  nm,  the  158  Hz  data  are  similar 
to  those  for  25  Hz  and  50  Hz  in  that  the  18  m source  depth  propagation 
loss  is  somewhat  higher  than  is  the  91  m source  depth  loss  (note  the 
higher  incidence  of  low  signal-to-noise  ratio  lor  the  18  m source  depth). 
Another  notable  feature  of  the  l8  m source  depth  158  Hz  data,  for  this 
near  bottom  receiver,  is  the  large  span  of  values  for  propagation  loss 
over  range  intervals  of  less  than  50  nm  (convergence  zone  structure). 

(c)  For  ranges  greater  than  about  200  nm,  the  propagation  loss  increases 
significantly  with  receiver  depth,  as  shown  in  Fig.  l'V-23.  This  is  also 
evidenced  by  the  higher  incidence  of  overloads  at  3625  m and  the  higher 
incidence  of  low  signal-to-noise  ratios  at  4612  » (Fig.  IV-23). 
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(c)  With  the  exception  of  the  previously  noted  lower  minimum  propagation 
loss  values  for  short  ranges  at  15 8 Hz  for  the  l8  m source  depth  and 
4612  m receiver  depth  (Fig.  IV> 2? ' , no  significant  frequency  dependence 
is  exhibited  by  the  data  for  site  D.  An  example  of  this  is  shown  in 
Fig.  IV-24. 

D.  MESA,  Site  E 

(C)  At  site  B,  the  MESA  hydrophone  was  at  400  m depth ; 10  m above  the 
sound  channel  axis  and  4200  m above  the  sea  floor.  Similar  to  the  other 
receiver  locations 3 site  E is  on  the  primary  source  track  (Fig.  II-l) . 

The  BEET  SUS  run  northward  ended  at  site  E and  the  aircraft  source  run 
began  near  site  E.  Thus,  source-to-receiver  ranges  vary  from  0 to  967 
south  and  from  0 to  780  run  north  of  site  E.  Propagation  loss  versus 
range  plots  are  shown  in  Appendix  B.  Figure  IV-25  combines  the  data 
south  of  site  E for  both  source  depths  and  frequencies  of  25,  50,  and 
.158  Hz.  These  data,  and  those  for  the  aircraft  run  north  of  site  E, 
illustrate  that  propagation  loss  is  greater  at  all  frequencies  for  the 
18  m source  depth  than  for  the  91  e source  depth.  The  data  also  indicate 
that  the  18  m source  depth  propagation  loss  shows  a decrease  with 
increasing  frequency  while  the  91  a source  depth  propagation  loss 
increases  with  increasing  frequency;  however,  the  difference  in  propagation 
loss  for  the  different  frequencies  is  small.  This  behavior  is  cons is teat 
with  ACODAC  results  for  near  axis  hy^Ls'ophonea 
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V.  DISCUSSION  OF  SIGNAL-OX) -NOISE  RATIO  (S/N) 

For  the  ACODAC  data,  signal -to -noise  ratio  (S/N)  was  computed  by 
■dividing  the  energy  in  the  received  SUS  signal,  -within  a given  fre- 
quency band  (l  octave  at  25  and  50  Hz,  l/3  octave  at  158  Hz),  by  the 
noise  energy  within  the  same  band  as  measured  over  a 13  sec  interval 
ending  2,5  sec  before  the  SUS  signal  arrival.  Signal-to-noise  ratio 
differences  between  the  signal  at  the  same  frequency  received  at  two 
different  hydrophones  and  between  different  frequencies  for  the  signal 
received  at  the  same  hydrophone  have  been  computed  on  a shot -by-shot 
basis  and  plotted  as  a function  of  range.  These  are  used  below  to  examine 
the  variation  of  S/N  with  receiver  depth  and  with  frequency.  The  data 
shown  have  all  been  smoothed  by  averaging  over  10  nm  range  increments. 

“Hie  signal-to-noise  ratio  for  the  MESA  data  was  computed  using 
l/3  octave  signal -plus -noise  and  noise  only  segments  of  6.55  sec  length 
(see  Section  III-l).  This  S/N  has  been  plotted  versus  range  and  composite 
illustrations  of  this  are  used  below  to  examine  the  variation  of  S/N 
with  frequency. 

A.  Variation  of  Signal -to-Noise  Ratio  with  Receiver  Depth 

At  previous ly  described  in  Section  IV,  the  signal  level  generally 
da'-  ^aaes  with  increasing  receiver  depth  for  a given  source  depth  and 
ra-nge  (i.e.,  propagation  loss  increases  with  increasing  receiver  depth). 

As  described  in  Ref.  5,  the  ambient  uoise  intensity  level  also  decreases 
with  Increasing  receiver  depth,  but  not  necessarily  at  the  same  rate  as 
the  sigcal  level.  Consequently,  S/N  does  not  necessarily  increase  or 
decrease  monotonicaLly  with  depth  for  a given  source-to-receiver  geometry. 
In  addition,  the  ambient  noise  intensity  level  at  a given  depth  is 
aons tat ionary,  Variations  in  S/N  with  range  can  therefore  be  attributed 
to  variations  in  propagation  loss,  variations  in  noise  intensity, 

5* 

CONFIDENTIAL 


CONFIDENTIAL 


(C)  or  combinations  of  these.  Computing  the  S/N  difference  tends  to  reduce 
these  variations.  The  resulting  S/N  difference  curved  are  useful  for 
noting  major  trends  in  the  S/N  data. 

(C)  Figure  V-l  shows  S/N  differences  between  hydrophones  located  at 
depths  of  4363  m and  4659  m at  site  A.  These  data  correspond  to  the 
1-octave  band  centered  at  50  Hz  and  are  for  the  BENT  SUS  run.  As  the 
figure  illustrates,  S/N  difference  varies  with  range,  but  with  no  obvious 
deterministic  behavior.  The  average  S/N  difference  is  approximately 
zero  for  both  the  18  m and  91  m source  depth,  i.e.,  on  the  average  the 
S/N  is  the  same  for  these  two  hydrophone  depths  and  for  both  source 
depths. 

(C)  In  Fig.  V-2,  curves  of  S/N  difference  versus  hydrophone  depth  are 

plotted  for  the  three  frequency  bands  centered  on  25  Hz  (l  octave), 

50  Hz  (l  octave),  and  158  Hz  (l/3  octave)  for  site  C where  data  were 
processed  for  hydrophone  depths  of  696  m,  4055  m,  and  5521  m.  The  data 
are  for  an  l8  m source  depth  and  they  have  been  smoothed  over  a 10  nm 
range  increment.  For  propagation  to  ranges  less  than  175  nm  (except  for 
a short  range  segment  near  100  nm)  S/N  at  the  deeper  depth  of  5521  m 
is  greater  than  at  the  other  two  depths  of  4055  m and  696  m.  Beyond 
175  nm  range,  this  situation  is  reversed  and  S/N  is  higher  for  the  two 
shallower  hydrophones  indicating  that  the  acoustic  propagation  at  long 
ranges  to  5521  m depth  is  not  as  efficient  as  to  the  depths  of  696  m and 
4055  m.  This  same  S/N  behavior  is  exhibited  at  25  Hz  and  at  50  Hz  at 
site  C for  propagation  from  the  $1  m source  depth  as  Fig.  V-3  illustrates. 
Also,  for  ranges  beyond  175  S/N  at  696  m is  greater  than  at  '(055 
Thus,  for  ranges  less  than  the  transition  range  of  about  175  nm,  the 
S/N  is  usually  highest  for  the  deepest  (near  bottom,  5521  m)  hydrophone. 
For  longer  ranges,  S/N  decreases  with  increasing  depth  from  the  axis  to 
the  critical  depth  and  continues  to  decrease  with  depth  to  the  near 
bottom  hydrophone.  This  is  in  agreement  with  the  observation  of  a 
generally  increasing  transmission  loss  with  depth  for  site  C as  discussed 
in  Section  IV.  A similar  range  dependence  of  the  S/N  difference  with 

54 

CONFIDENTIAL 


18  m Source  Depth  §1  m Source  Depth 

4353  m - 4659  ra  4353  m _ 4559  m 


UNCLASSIFIED 


o 

o 

<43 


o 

o 


o 

«s- 


o o 

CVJ 


o 

CM 

I 


0 

tn 

X 

1 — 
a. 
UJ 

a 

or 

0 

UJ 

CO 

> 

r- 

1— t 
UJ 

0 

UJ 

CC 

2S  Z 

1 

UJ  UJ 

5» 

U1CQ  N 

UJ 

£3£ 

WCO 

rD 

cq  in 

CD 

UJ 

»— 1 

z h- 

U- 

co  on 

/ 

• 

0 2= 

10  *“« 

UJ 

0 

z 

4 

# 

# 

• 

• 

UJ 

QC 

UJ 

U. 

0 u. 

V 

% 

• 

'O  ^ 

Q 

« 

0 

• O 

CO 

o 


o 

CM 


o 

CM 

I 


gp  14  aPU3J9iitQ  N/S 


AS-74-1400 

55 

UNCLASSIFIED 


DIFFERENCE  IN  S/N  BETWEEN  RECEIVER  DEPTHS 
SITE  C NORTH  (BENT) 

18  ra  SOURCE  DEPTH 


RECI 

ENT 

PTH 


CONFIDENTIAL 


(C)  depth  is  exhibited  for  the  BENT  run  segment  south  of  site  C,  as  shown 
in  Fig.  V-4. 

(C)  For  ranges  beyond  400  nm  north  of  site  C,  S/N  differences  with  depth 
for  some  of  the  aircraft  BUS  run  data  are  shown  in  Fig.  V-5*  For  the 
initial  range  segment,  these  data  support  the  conclusions  previously 
stated.  The  leveling  off  of  the  s/N  difference  between  the  696  m and 
5521  m depth  hydrophones  corresponds  to  the  observed  leveling  off  of 
propagation  loss  at  very  long  ranges  for  the  5521  m hydrophone  depth 
(the  696  m hydrophone  depth  propagation  loss  is  almost  constant  with 
range,  see  Section  IV).  This  behavior  of  the  propagation  loss  at  the 
5521  m hydrophone  depth  probably  results  from  reduction  of  the  continually 
decreasing  received  SUS  signal  energy  level  below  the  ACODAC  receiving 
system  noise.  Note,  in  Section  XV  and  in  Appendix  A,  that  for  ranges 
beyond  600  nm  north,  the  signals  received  on  the  5521  m hydrophone  at 
50  Hz  are  all  rejected  because  S/N  is  less  than  -3  dB.  For  long  ranges, 
the  apparent  decrease  in  S/N  difference  between  that  at  4055  m depth  and 
that  at  5521  m iepth  also  results  from  the  propagation  loss  at  the  deeper 
hydrophone  bottoming  out  in  the  system  noise  while  the  4055  m depth 
propagation  loss  continues  to  increase  with  range. 

(C)  At  site  D,  the  three  hydrophones  at  depths  of  3625  m,  3925  m,  and 
4612  m are  all  below  the  critical  depth.  As  Fig.  V-6  illustrates,  the 
deepest  hydrophone  always  has  the  lowest  S/N  and  the  difference  becomes 
more  significant  with  increased  range.  The  data  suggest  the  possibility 
of  a transition  range  of  about  100  nm  with  s/N  increasing  with  depth 
below  critical  for  shorter  ranges.  There  is  not  sufficient  data  for  a 
definitive  statement,  but  such  behavior  would  be  consistent  with  the 
observations  at  site  C.  Ihere  is  no  significant  difference  in  s/N  between 
3625  & and  3925  m for  ranges  up  to  400  nm  for  both  the  18  m and  91  m 
source  depths.  Between  400  said  7OQ  nm  range,  the  S/N  at  3625  ra  depth 
becomes  greater  than  at  3925  m by  as  much  as  10  dB.  For  ranges  beyond 
400  nm,  these  conclusions  are  supported  by  data  from  site  D for  the 
aircraft  SUS  run  as  shewn  by  Fig.  V-7. 
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B.  Variation  of  Signal-to-Hoise  Ratio  with  Frequency 

The  frequency  dependence  of  S/N  is  illustrated  by  plotting,  versus 
range,  the  difference  between  S/N  for  two  frequencies  for  given  source 
and  receiver  depths.  For  a source  at  l8  m depth  and  a receiver  at 
4659  m depth  at  site  A,  the  difference  between  S/N  at  25  and  50  Hz  and  at 
158  and  50  Hz  is  shown  in  Fig.  V-8.  The  lowest  S/H  occurs  consistently 
at  50  Hz.  At  158  Hz,  for  the  18  m source  depth,  S/H  is  7 to  10  dB 
larger  than  at  50  Hz,  while  at  25  Hz  S/N  is  only  2 to  5 dB  larger.  For 
the  91  “ source,  the  difference  between  the  25  Hz  and  50  Hz  S/N,  and 
variability  of  the  difference,  increases  with  range.  Similar  frequency 
dependence  of  S/N  is  exhibited  by  the  data  for  other  receiver  depths  at 
site  A. 

Frequency  dependence  of  S/N  for  both  source  depths  and  for  the 
5521  m hydrophone  depth  at  site  C is  illustrated  in  Figs.  V-9  through 
V-ll.  For  the  deep  (91  m)  sources,  S/N  at  25  Hz  always  exceeds  S/H 
at  50  Hz.  For  most  range  segments,  this  is  also  true  for  the  shallow 
(18  m)  sources. 

At  site  C,  the  difference  between  S/tl  at  15®  Hz  and  50  Hz  exhibits 
a similar  range  dependence  for  both  source  depths.  For  sources  south  of 
site  C,  Fig.  V-9  shows  that  S/U  is  higher  at  50  Hz  for  ranges  less  than 
175  ns,  but  S/H  at  15®  Hs  is  higher  for  ranges  in  excess  of  175  urn. 
Figures  V-10  and  V-ll  show  that,  for  propagation  frees  sources  north  of 
site  C,  S/tf  at  158  Hz  ie  higher  for  ranges  out  to  1*00  asm  beyond  which 
S/S  at  50  Hz  exceeds  that  at  15®  Hs  on  the  average . 

Figures  V-12  and  V-1J  show  the  frequency  dependence  of  8/tt  for  the 
1*612  r depth  at  site  D.  For  propagation  from  south  of  the  site 
(Fig.  V-12)  s/U  ia  almost  always  less  at  50  Hz  than  at  either  25  Hs  or 
158  Hz.  For  propagation  from  the  north  (Fig.  V-lp),  large  fluctuations 
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(U)  in  the  S/N  difference  are  exhibited,  but  generally  S/N  is  minimum 
at  50  Hz. 

(c)  In  agreement  with  ACODAC  results,  the  MESA  data  given  in  Figs.  V-l4 
and  V-15  indicate  that  S/N  is  minimum  at  50  Hz.  S/N  at  25  Hz  and  5°  Hz 
are  approximately  equal  with  the  exception  of  the  91  a source  depth  of 
the  BENT  SUS  run,  for  which  S/N  at  25  Hz  is  about  5 dB  higher  than  S/N 
at  50  Hz.  For  all  the  MESA  data,  S/N  increases  with  increasing  frequency 
between  50  and  158  Hz,  but  decreases  with  increasing  frequency  between  158 
and  251  Hz.  Thus,  the  maximum  S/N  occurs  at  158  Hz. 
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APPENDIX  A 

ACODAC  PROPAGATION  LOSS  DATA 

The  propagation  loss,  computed  as  described  in  section  III,  is 
shown  versus  range  in  nautical  miles  in  Figs.  A1  through  AI56.  Different 
symbols  are  used  to  indicate  the  signal-to-noise  ratio  (s/N)  for  each 
data  point : 

the  symbol  X indicates  that  S/N  exceeds  +3  dB,  but  the  signal 
is  not  overloaded; 

the  symbol  + indicates  that  S/N  is  less  than  +3  dB  but  greater 
than  0 dB;  and 

the  symbol  * indicates  that  S/N  is  less  than  0 dB  but  greater 
than  -3  dB. 

The  range  of  detection  for  signals  detected  with  S/N  less  than  -3  dB 
is  shown  by  plotting  the  symbol  V on  the  bottom  of  the  figure. 

Similarly,  a shot  which  triggered  the  overload  signal  is  indicated  by 
plotting  the  symbol  0 at  the  top  of  the  figure  at  the  range  of 
detection. 

The  following  three  pages  each  contain  a table  for  one  of  the 
ACODAC  sites  indicating  the  figure  number  assigned  in  this  appendix 
to  the  propagation  loss  plot  for  each  source  event,  hydrophone  depth, 
frequency,  end  source  depth. 

Though  not  shown  in  this  appendix,  analysed  propagation  data  are 
available  on  digital  magnetic  tape  for  1/3  octave  band  analysis  at 
frequencies  of  25>  50,  100,  and  2p0  Hs. 

The  data  presented  in  this  appendix  are 
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TABLE  Ai 


SITE  A,  ACODAC 

iber  for  Source  Depth  18  m,  91  ra 


Center  Frequency  (Hz) //Bandwidth  (octave)' 


25//1  50 //■»  158//1/3 
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A8 

A13, 

A14 

A3, 

A4 

A9, 

A10 

A15, 
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A17, 

A18 

A19, 

A20 

A23, 

A24 

A27, 

A28 

A21 , 
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A25, 

A26 

A29, 

A30 

TABLE  A2 
SITE  C,  ACODAC 

Figure  Number  for  Source  Depth  18  m,  91  a 


Hydrophone 
Depth  (m) 


25//1 


50//1  158//1/3 


696 

A31, 

A32 

A37,  A38 

A43, 

A44 

4055 

A33, 
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A39,  A40 

A4S, 

A46 

5521 
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SITE  D,  ACODAC 

Figure  Number  for  Source  Depth  18  m,  91  a 


Source 

Event 



Hydrophone 

Center  Frequency  (Hz)// 

Bandwidth  (octave 

Depth  (m) 
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•The  ACODAC  overload  detectcr  vg.s  not  working  on  thin  channel; 
therefore  the  lev  propagatics}  loss  data  points  ii;  these  plots  cay 
include  distorted  (overloaded)  signals- 
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APPENDIX  B 

MESA  PROPAGATION  LOSS  DATA 

(U)  MESA  array  propagation  loss  data  are  shown  in  Figs.  B1  through 
B20.  The  signal-to-noise  ratio  (S/N)  for  each  shot  is  indicated  by 
different  symbols  as  explained  in  Appendix  A.  Table  B-l  summarizes 
the  figure  numbers  used  in  this  appendix  for  each  source  event, 
frequency,  and  source  depth. 


The  data  presented  in  this  appendix  are 
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APPENDIX  C 

QUALITY  CONTROL  OF  THE  ACODAC  MIA  ANALYSIS 

fteaningful  interpretation  of  the  experimental  results  requires 
that  sufficient  quality  control  he  exercised  during  the  data  processing 
to  minimize  the  errors  introduced  through  the  processing  system  and 
techniques.  These  errors  must  he  small  relative  to  the  variations  in 
shot-to-shot  signal  level  that  have  been  introduced  by  the  transmission 
environment. 

TVo  studies  were  conducted  at  the  Applied  Research  laboratories 
of  The  University  of  Texas  at  Austin  (ARL/ut)  (Refs.  1 and  2}  to 
determine  repeat ibility  and  compatibility  of  the  digital  SUS  processor 
with  analog  processors.  A summary  of  the  results  of  these  studies 
follows. 

1.  On  a single  ARL  digitizing  day,  for  repeated  digitization, 
the  energy  in  frequency  bends  for  either  shots  or  noise  had  standard 
deviations  of  1$  to  2 $.  The  energy  in  the  same  beads  of  the  calibra- 
tion signal  shoved  a similar  spread. 

2.  The  signal  levels,  as  digitised,  showed  variations  from  day 
to  day  that  yield  5$  to  10$  (5$  s 0.2  dB)  deviations  oi  energy  in  the 
selected  bends  before  the  calibration  sign  .1  was  used  for  compensation. 
Since  the  calibration  signals  associated  with  the  data  vers  similarly 
affected,  adequate  compensation  can  be  cade. 


3.  The  tisxss  at  which  the  automatic  shot  process  (ARL/UT)  detected 
a shot  showed  ncs  fluctuations  with  repeated  processing  Other  than  those 
to  be  expected  free  the  temporal  resolution  imposed  by  the  sampling 
rate  (i.e.,  approximately  0.02  sec). 

Cl 
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(U)  4.  The  standard  deviations  due  to  repeated  processing  of 

transmission  loss  for  given  frequency  bands  is  of  the  order  of  0.1 
and  0.2  dB. 

(U)  5*  To  prevent  an  introduction  of  frequency  smearing  due  to 

mechanical  variations  in  the  analog  record/playback  procedures,  a 
reference  track  should  be  used  in  any  shot  processor,  whether  analog 
or  digital. 

(U)  6.  The  stability  of  the  ACODAC  calibration  signal  analyzed  showed 

a variation  in  po^er  of  only  1 dB  over  a 24  h period  in  data. 

(U)  7*  A comparison  of  two  data  segmentation  techniques  used  in  the 

digital  calculation  of  total  shot  energy  in  a given  frequency  band  and 
the  shot  energy  calculated  by  the  traditional  analog  method  was  performed 
using  selected  shots  from  the  CHURCH  GABBRO  Exercise  ACODAC  data.  The 
selected  shots  had  different  characteristics  due  to  different  propaga- 
tion situations.  To  complete  the  study  between  the  two  digital 
techniques,  a comparison  was  made  with  700  shots  from  the  CHURCH  GABBRO 
shot  runs. 


(u)  For  the  selected  shots,  which  had  a time  duration  of  25  to 

40  sec,  contiguous  data  blocks  were  transformed  (FFT)  and  summed 
"coherently  and  incoherently"  and  compared  to  a digital  simulation  of 
an  analog  system  (50  Hz  at  l/3  octave).  It  was  found  that  when  equivalent 
integration  times  are  used  the  incoherent  summation  gave  the  best 
comparison  to  the  analog  system  (within  0.1  dB)  for  data  segmentation 
from  27.2  to  0.85  sec  blocks.  The  variance  from  the  analog  system 
using  the  coherent  summation  showed  a maximum  deviation  of  1.4  dB  with 
O.85  sec  data  blocks.  Using  6.8  sec  data  blocks  (ARL/UT  system,,  the 
variance  for  the  coherent  sum  was  0.01  to  0.5  dB.  It  is  apparent  that 
on  a shot-to-shot  basis  the  difference  between  all  three  techniques 
are  data  independent. 
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(U)  The  comparison  of  the  total  energy  calculations  for  the  700 

shots  for  the  coherent  and  incoherent  summation  techniques  show  that 
the  ensemble  mean  of  the  difference  between  the  two  techniques  is 
0.1  &B  or  less,  with  an  rms  difference,  that  varied  with  frequency 
band  and  integration  time,  of  less  than  1.0  dB. 

(U)  8.  For  the  shot  data  from  the  SQUARE  DEAL  Exercise,  the  Bhot 

duration  is  on  the  order  of  10  sec.  Using  a 6,3  sec  data  segment,  a 
comparison  between  the  coherent  and  incoherent  techniques  shewed  a 
mean  of  0.02  dB  and  a rms  vtU.ua  of  0.25  dB. 

(u)  9.  For  the  CHURCH  ANCHOR  Exercise,  the  majority  of  the  shot 

durations  fit  into  one  data  segment  or  FFT. 

(U)  10.  The  choice  that  a shot  processor  makes  on  the  two  digital 

processing  segmentation  techniques  is  based  on  the  hardware/software 
configuration  of  the  processing  system,  length  of  data  segments,  shot 
duration,  available  funds  and,  of  course,  the  accuracy  required  in  the 
energy  calculation  relative  to  other  sources  of  system  error.  For  a 
software  FFT  imulementation,  for  example,  the  computation  econouy 
(depending  on  the  snot  duration)  favors  the  coherent  summation  by  a 
factor  of  two  or  three.  For  a hardware  FFT,  this  savings  is  not 
present. 


(u)  11.  A comparison  of  the  ARu/UT  shot  processing  system  with  systems 

at  other  facilities  show  the  following  results  on  a set  of  shots  (70) 
from  the  SQUARE  DEAL  Exercise.  The  comparisons  are  for  propagation 
loss  in  a 50  Sz  l/}- octave  frequency  band. 


PROCESSOR 

MEAN  DIFFERENCE 

SIT).  DEV. 

ARL  Digital/ARL  Analog 

0.0? 

0.51 

AEL  January/ ARL  June 

0.02 

0.14 

ARL/WH0I 

-0.99 

1.45 

ARL/NUSC 

-0.47 

0.51 

arl/wecg 

1.20 

1.20 

C5 


C0NFTOENTO3D 

(^classified] 


WHOI  - Woods  Hole  Oceanographic  Institution 
HUSC  - Naval  Undersea  Systems  Center 
WECO  - Western  Electric  Co. 

Analysis  of  the  total  ACODAC  measurement  accuracy  is  the  subject 
of  Ref.  3,  which  accounts  for  all  errors  occurring  from  the  explosive 
sources  to  the  final  digital  processing  of  the  SUS  data.  Thus,  the 
error  analysis  of  Ref.  1 is  included  in  the  study  of  Ref.  3*  As  an 
example  the  error  estimates  for  the  ACODAC  system  include  those 
associated  with  the  hydrophone  and  preamplifier,  the  transmission 
cable,  the  data  amplifier,  the  tape  recorder,  and  the  calibration 
system.  The  conclusion  reached  in  this  study  ia  that  for  SUS  measure- 
ments an  uncertainty  of  ±2.48  dB  to  ±2.60  dB  can  be  expected  in  the 
propagation  loss  estimation,  principally  because  of  uncertainty  in 

the  SUS  source  levels. 
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